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ABSTRACT 

It i s  a n t i c i p a t e d  t h a t  some A p o l l o  A p p l i c a t i o n s  
m i s s i o n s  may be  f lown a t  a l t i t u d e s  s u f f i c i e n t l y  h i g h  t h a t  an  
a s c e n t  t r a j e c t o r y  c o n t a i n i n g  a Hohmann t r a n s f e r  o r b i t  w i l l  be  
more e f f i c i e n t  t h a n  a d i r e c t  a s c e n t .  
S i m u l a t i o n  Program (BCMASP) h a s  been  m o d i f i e d  t o  s i m u l a t e  t h e  
S a t u r n  V l a u n c h  and  a s c e n t  t o  a c i r c u l a r  e a r t h  o r b i t ,  u s i n g  a 
d i r e c t  i n j e c t i o n  i n t o  a Hohmann t r a n s f e r  e l l i p s e  as p a r t  o f  
t h e  a s c e n t  t r a j e c t o r y .  
i n t o  t h e  t r a n s f e r  o r b i t  and  for c i r c u l a r i z a t i o n  a t  t h e  apogee  o f  
t h e  t r a n s f e r  o r b i t .  

The Bellcomm A p o l l o  

A t w o  b u r n  S-IVB i s  assumed f o r  i n j e c t i o n  

The m o d i f i e d  BCMASP p rogram can  be  u s e d  i n  e i t h e r  o f  
two modes.  I n  t h e  p a y l o a d  o p t i m i z a t i o n  mode, t h e  program w i l l  
a u t o m a t i c a l l y  do s u c c e s s i v e  s i m u l a t i o n s  o f  t h e  t r a j e c t o r y  f rom 
l a u n c h  t o  c i r c u l a r  o r b i t  i n s e r t i o n  u n t i l  t h e  maximum d e l i v e r e d  
p a y l o a d  i s  d e t e r m i n e d .  I n  t h e  r e f e r e n c e  t r a j e c t o r y  mode, t h e  
p a y l o a d  and  m i s s i o n  are s p e c i f i e d  and  t h e  program g e n e r a t e s  a 
r e f e r e n c e  t r a j e c t o r y  f o r  t h i s  m i s s i o n .  The u s e r  has t h e  o p t i o n  
o f  a p r o p u l s i v e  or n o n - p r o p u l s i v e  S-IVB v e n t  d u r i n g  t h e  Hohmann 
t r a n s f e r  c o a s t .  

P r a c t i c a l  e x t e n s i o n s  o f  t h e  p rogram i n c l u d e  i t s  u s a g e  
w i t h  t h e  Upra ted  S a t u r n  I l a u n c h  v e h i c l e ,  t h e  i n c o r p o r a t i o n  o f  
a t h r e e - b u r n  S-IVB c a p a b i l i t y  w i t h  a n  e a r t h  o r b i t  c o a s t  p r i o r  
t o  t r a n s f e r  o r b i t  i n s e r t i o n ,  and  t h e  a d d i t i o n  o f  p l a n e  change  
c a p a b i l i t y  d u r i n g  t h e  S-IVB b u r n s .  
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I .  I N T R O D U C T I O N  

The A p o l l o  A p p l i c a t i o n s  Program w i l l  i n c l u d e  e a r t h  
o r b i t a l  m i s s i o n s  a t  low and  h i g h  a l t i t u d e s .  Some o f  t h e s e  
m i s s i o n s  may b e  a t  a l t i t u d e s  t h a t  are  t o o  h i g h  to e f f i c i e n t l y  
r e a c h  w i t h  a d i r e c t  a s c e n t  to c i r c u l a r  o r b i t  and  w i l l  t h e r e f o r e  
i ~ s e  a Hohmann t r a n s f e r  as p a r t  o f  t h e  a s c e n t  t r a j e c t o r y .  To 
a i d  i n  m i s s i o n  a n a l y s i s  work f o r  t h e s e  m i s s i o n s ,  t h e  Bellcomm 
A p o l l o  S i m u l a t i o n  Program (BCMASP) h a s  been  m o d i f i e d  to s i m u l a t e  
t h e  l a u n c h  and  a s c e n t  to o r b i t  for t h i s  t y p e  o f  a s c e n t  scheme.  

11. PROGRAM DES C R I P T I O N  

A .  G e n e r a l  D e s c r i p t i o n  

The l a u n c h  t r a j e c t o r y  c o n s i s t s  o f  a S a t u r n  V l a u n c h  
and  d i r e c t  i n j e c t i o n  i n t o  t h e  t r a n s f e r  o r b i t ,  u s i n g  t h e  S-IC, 
S - I 1  and  t h e  f i r s t  b u r n  of  t h e  S-IVB s t a g e .  The v e h i c l e  t h e n  
c o a s t s  to apogee  where t h e  c i r c u l a r i z a t i o n  i s  a c h i e v e d  w i t h  t h e  
s e c o n d  b u r n  o f  t h e  S-IVB s t a g e .  

I f  t h e  c i r c u l a r i z a t i o n  i s  a c h i e v e d  i n  t h e  s i m u l a t i o n  
w i t h o u t  consuming a l l  o f  t h e  a v a i l a b l e  S-IVB p r o p e l l a n t ,  t h e  
p a y l o a d  w e i g h t  i s  i n c r e a s e d  and t h e  t r a j e c t o r y  i s  s i m u l a t e d  a g a i n .  
T h i s  p r o c e s s  i s  r e p e a t e d  u n t i l  a l l  o f  t h e  a v a i l a b l e  S-IVR p r o -  
p e l l a n t  i s  consumed and t h e  maximum p a y l o a d  w e i g h t  i s  o b t a i n e d .  
I f  a r e f e r e n c e  t r a j e c t o r y  f o r  a m i s s i o n  w i t h  a s p e c i f i e d  p a y l o a d  
i s  d e s i r e d ,  t h e n  t h i s  i t e r a t i o n  o p t i o n  can  be  i n h i b i t e d  and  o n l y  
one t r a j e c t o r y  s i m u l a t i o n  i s  r u n .  

O t h e r  o p t i o n s  t h a t  would  n o r m a l l y  be  e x e r c i s e d  a re  
(1) t h e  o p t i m i z i n g  o f  t o t a l  v e h i c l e  w e i g h t  i n t o  t h e  t r a n s f e r  
o r b i t ,  and  ( 2 )  t h e  o p t i m i z i n g  o f  t o t a l  w e i g h t  i n t o  t h e  d e s i r e d  
c i r c u l a r  o r b i t .  The f o r m e r  i s  a c c o m p l i s h e d  as i n  a n o m i n a l  
LOR m i s s i o n ,  i . e . ,  by v a r y i n g  t h e  k i c k  a n g l e  d u r i n g  t h e  S-IC 
b u r n ,  t h e  i n i t i a l  p i t c h  a n g l e  f o r  t h e  S - I 1  b u r n ,  and  t h e  p i t c h  
r a t e  d u r i n g  t h e  S - I 1  bu rn  t o  f i n d  t h e  c o m b i n a t i o n  o f  t h e s e  
p a r a m e t e r s  y i e l d i n g  t h e  maximum w e i g h t  d e l i v e r e d  i n t o  t h e  t r a n s f e r  
o r b i t .  The l a t t e r  o p t i m i z a t i o n  i s  a c c o m p l i s h e d  by v a r y i n g  t h e  
i g n i t i o n  t i m e  o f  t h e  s e c o n d  S-IVB b u r n  and  t h e  p i t c h  a n g l e  d u r i n g  
t h i s  b u r n .  I n  a d d i t i o n ,  t h e  o p t i o n  t o  u s e  a p r o p u l s i v e  o r  non- 
p r o p u l s i v e  v e n t  f o r  t h e  S-IVB d u r i n g  t h e  Hohmann t r a n s f e r  c o a s t  
i s  a v a i l a b l e .  
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A t  t h e  c o m p l e t i o n  of  t h e  p a y l o a d  o p t i m i z a t i o n  p r o -  
c e s s ,  t h e  p rogram a u t o m a t i c a l l y  computes  es t imates  o f  d e o r b i t  
p r o p e l l a n t  f o r  v a r i o u s  s p e c i f i e d  w e i g h t s  o f  t h e  CSM, a s suming  
a r e t r o g r a d e  s e r v i c e  module d e o r b i t  b u r n  i n t o  an  e l l i p t i c  t r a -  
j e c t o r y  w i t h  a u s e r - s p e c i f i e d  p e r i g e e .  

T h i s  p rogram h a s  been  u s e d  t o  s t u d y  t h e  S a t u r n  V 
p a y l o a d  c a p a b i l i t y  for c i r c u l a r  e a r t h  o r b i t s  w i t h  a l t i t u d e s  
v a r y i n g  from a b o u t  1 9 , 0 0 0  n a u t i c a l  mi les  t o  3 0 , 0 0 0  n a u t i c a l  
mi l e s .  The r e s u l t s  of t h i s  s t u d y  w i l l  b e  r e p o r t e d  a t  a l a t e r  
d a t e .  

B .  S u b r o u t i n e  D e s c r i p t i o n  

The s e q u e n c e  o f  e v e n t s  f o r  t h e  a s c e n t  t r a j e c t o r y  
i s  p r o v i d e d  t o  t h e  program b y  t h e  e v e n t s  list, or s u b r o u t i n e  
SIMTGT. The s u b r o u t i n e  TRJSEL p r o v i d e s  t h e  b a s i c  i n s t r u c t i o n s  
f o r  p r o c e e d i n g  t h r o u g h  a t r a j e c t o r y  s i m u l a t i o n  by c a l l i n g  t h e  
a p p r o p r i a t e  s u b r o u t i n e s  i n  t h e  c o r r e c t  s e q u e n c e  and imple -  
m e n t i n g  t h e  p a y l o a d  o p t i m i z a t i o n  o p t i o n .  These  s u b r o u t i n e s  
were i n  l a r g e  p a r t  r e w r i t t e n  f o r  t h i s  m o d i f i c a t i o n  t o  t h e  
BCMASP. Lesser changes  were made t o  t h e  s u b r o u t i n e s  SVTB and 
ETHOREI, and  t h e  new s u b r o u t i n e s  PUNT1 and  SYNORB were based 
l a r g e l y  on t h e  BCPIASP s u b r o u t i n e s  H U N T 1  and  ETHORB. Each  o f  
t h e s e  i s  d e s c r i b e d  b r i e f l y  below.  

S I MT G T ( E v e n t s  L i s t )  

A l i s t i n g  of s u b r o u t i n e  SIMTGT w i t h o u t  e q u i v a l e n c e ,  
common, or d imens ion  s t a t e m e n t s  i s  g i v e n  i n  Appendix I .  Dur ing  
t h e  S-IC and  S - I 1  p h a s e s  o f  powered f l i g h t ,  t h e  s e q u e n c e  o f  
e v e n t s  i s  e s s e n t i a l l y  t h e  same as i n  a n o m i n a l  LOR m i s s i o n .  A t  
t h e  c u t o f f  o f  t h e  S - I 1  s t a g e  t h e  a l t i t u d e  i s  v e r y  c l o s e  t o  t h e  
u s e r - s p e c i f i e d  p e r i g e e  a l t i t u d e  o f  t h e  t r a n s f e r  o r b i t .  The 
S-IVB d e v e l o p s  s u f f i c i e n t  v e l o c i t y  t o  p a s s  t h r o u g h  t h e  c i r c u l a r i -  
z a t i o n  c o n d i t i o n  a t  p e r i g e e  and c o n t i n u e s  t o  b u r n  u n t i l  an  e l l i p t i c  
t r a n s f e r  o r b i t  w i t h  an  apogee a l t i t u d e  e q u a l  t o  t h e  d e s i r e d  f i n a l  
c i r c u l a r  o r b i t  a l t i t u d e  i s  a c h i e v e d .  The C O N I C  s u b r o u t i n e  i s  u s e d  
to p r e d i c t  t h e  apogee  r a d i u s  and  d e t e r m i n e  t h e  S-IVB c u t o f f  t i m e  
to a c h i e v e  t h i s  e l l i p t i c  o r b i t .  S i n c e  t h i s  apogee  p r e d i c t i o n  i s  
b a s e d  on a c o n i c  t r a j e c t o r y  and t h e  s i m u l a t e d  t r a j e c t o r y  d u r i n g  
t h e  e n s u i n g  c o a s t  p e r i o d  i s  an i n t e g r a t e d  t r a j e c t o r y ,  t h e  apogee  
a l t i t u d e  a t t a i n e d  wi l l .  be s l i g h t l y  d i f f e r e n t  t h a n  e x p e c t e d .  To 
compensa te  f o r  t h i s ,  a s l i g h t  b i a s  may b e  i n c l u d e d  i n  t h e  u s e r -  
s p e c i f i e d  c i r c u l a r  o r b i t  a l t i t u d e .  I m m e d i a t e l y  a f t e r  t h e  f i r s t  
S-IVB c u t o f f ,  an  i n i t i a l  es t imate  o f  t h e  s e c o n d  S-IVB i g n i t i o n  
t i m e  i s  computed. 

Af te r  t h e  d i r e c t  i n j e c t i o n  i n t o  t h e  t r a n s f e r  o r b i t ,  
t h e  s p a c e  v e h i c l e  b e g i n s  a c o a s t  p e r i o d  t h a t  e x t e n d s  a l m o s t  
u n t i l  apogee  i s  r e a c h e d .  T h e  u s e r  must s p e c i f y  i f  t h e  p r o p u l s i v e  
or n o n - p r o p u l s i v e  S-IVB v e n t i n g  scheme i s  t o  be  u s e d .  
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The s e c o n d  i g n i t i o n  o f  t h e  S-IVB s t a g e  f o r  t h e  
c i r c u l a r i z a t i o n  b u r n  i s  r e p r e s e n t e d  as EVENT S40N2 and  h a s  
as i t s  c r i t e r i o n  t h e  i g n i t i o n  t i m e ,  TON2. If t h e  u s e r  s o  
s p e c i f i e s ,  t h e  c i r c u l a r i z a t i o n  b u r n  i s  r e p e a t e d  w i t h  v a l u e s  
f o r  t h e  i g n i t i o n  t i m e  and  p i t c h  a n g l e  o t h e r  t h a n  t h e  i n i t i a l  
e s t i m a t e s .  I n  t h i s  way, t h e  c o m b i n a t i o n  o f  t h e s e  two q u a n t i t i e s  
t h a t  y i e l d s  t h e  maximum p a y l o a d  a t  c i r c u l a r i z a t i o n  b u r n  c u t -  
o f f  i s  f o u n d .  To e n a b l e  t h e  program t o  v a r y  t h e  i g n i t i o n  t i m e ,  
EVENT S40N2 i s  p r e c e d e d  by t h e  p h y s i c a l l y  f i c t i t i o u s  EVENT 
PREON2 whose c r i t e r i o n  i s  a computed t i m e  t h a t  i s  n o t  v a r i e d .  

A t  t h e  e v e n t s  SoOFF1, S40N2, and  S4OFF2, t h e  u s e r  
may s u b t r a c t  s p e c i f i e d  w e i g h t s  f rom t h e  c u r r e n t  v e h i c l e  w e i g h t .  
T h i s  i s  a c o n v e n i e n t  way to d i s c a r d  t h r u s t  b u i l d u p  and  decay  
p r o p e l l a n t s ,  as w e l l  as o t h e r  i t e m s  t h a t  may c o n v e n i e n t l y  be  
c o n s i d e r e d  to be  j e t t i s o n e d  i n s t a n t a n e o u s l y  a t  t h e s e  t i m e s .  

The l a s t  e v e n t  i n  t h e  e v e n t s  l i s t ,  EVENT STOP, i s  
u s e d  as a c o n v e n i e n t  p l a c e  t o  compute e s t i m a t e s  o f  d e o r b i t  
p r o p e l l a n t .  T h i s  computa t ion  i s  a p p l i c a b l e  t o  a r e t r o g r a d e  
s e r v i c e  module b u r n  which i n s e r t s  t h e  d e o r b i t i n g  CSM i n t o  a n  
e l l i p t i c  o r b i t  w i t h  a p e r i g e e  a l t i t u d e  s p e c i f i e d  b y  t he  u s e r .  
T h i s  c o m p u t a t i o n  i s  done f o r  CSM w e i g h t s  t h a t  v a r y  f rom 
20 ,000  i b s .  t o  6 0 , 0 0 0  l b s .  a f t e r  t h e  d e o r b i t  b u r n ,  i n  i n c r e m e n t s  
o f  1 0 , 0 0 0  l b s .  The t a r g e t i n g  mode p r i n t o u t  f o r  e a c h  c a s e  con- 
s i s t s  o f  t h e  w e i g h t  o f  t h e  CSM b e f o r e  and  a f t e r  t h e  d e o r b i t  
b u m  and  t h e  d e o r b i t  p r o p e l l a n t .  

TRJSEL 

A l i s t i n g  o f  t h e  TRJSEL w i t h o u t  t h e  e q u i v a l e n c e  and  
common s t a t e m e n t s  i s  shown i n  Appendix 11. The f i r s t  o p e r a t i o n  
p e r f o r m e d  by TRJSEL i s  t h e  c o m p u t a t i o n  o f  v a r i o u s  i n i t i a l i z a t i o n  
c o n d i t i o n s .  T h i s  i s  a s l i g h t  d e p a r t u r e  f rom t h e  n o r m a l  u s a g e  o f  
t h e  BCMASP and  w i l l  be  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  The sub-  
r o u t i n e s  t h a t  e f f e c t  t h e  t r a j e c t o r y  s i m u l a t i o n  a re  t h e n  c a l l e d  
i n  t u r n ,  commencing w i t h  ETHORB and  c o n c l u d i n g  w i t h  SYNORB. 
When SYNORB r e t u r n s  c o n t r o l  o f  t h e  program to TRJSEL, t h e  v e h i c l e  
h a s  been  p l a c e d  i n  a c i r c u l a r  e a r t h  o r b i t .  S u b r o u t i n e  TRJSEL 
tes t s  for any  l e f t o v e r  S-IVB p r o p e l l a n t  t h a t  was n o t  n e e d e d  t o  
p l a c e  t h e  p a y l o a d  i n  o r b i t .  I f  t h e  v a l u e  o f  t h i s  r e m a i n i n g  S-IVB 
p r o p e l l a n t  i s  l a r g e  and  p o s i t i v e ,  t h e n  more p a y l o a d  c o u l d  have  
b e e n  p l a c e d  i n  o r b i t .  I f  t h e  v a l u e  o f  t h i s  r e m a i n i n g  S-IVB 
p r o p e l l a n t  i s  l a r g e  and n e g a t i v e ,  t h e n  more S-IVB p r o p e l l a n t  was 
consumed i n  t h e  s i m u l a t i o n  t h a n  i s  a c t u a l l y  a v a i l a b l e  and  t h e  
o r b i t e d  p a y l o a d  i s  u n r e a l i s t i c a l l y  h i g h .  I n  e i t h e r  c a s e ,  i f  t h e  
p rogram i s  run  i n  t h e  p a y l o a d  o p t i m i z a t i o n  mode, t h e  p a y l o a d  
w e i g h t  i s  a d j u s t e d  b y  a d d i n g  an  amount e q u a l  t o  t h i s  l e f t o v e r  
S-IVB p r o p e l l a n t ,  m u l t i p l i e d  by a conve rgence  f a c t o r .  A f t e r  t h e  
t o t a l  s p a c e  v e h i c l e  w e i g h t s  a t  r e q u i r e d  times i n  t h e  t r a j e c t o r y  
are  c o r r e s p o n d i n g l y  a d j u s t e d ,  t h e  s i m u l a t i o n  i s  r e p e a t e d  w i t h  
t h e s e  a d j u s t e d  w e i g h t s .  
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When a s i m u l a t i o n  r u n  i s  comple t ed  and t h e  l e f t o v e r  
S-IVB p r o p e l l a n t  i s  a c c e p t a b l y  small ,  i . e . ,  p r a c t i c a l l y  a l l  
of  t h e  S-IVB p r o p e l l a n t  was consumed, a f i n a l  s i m u l a t i o n  r u n  
i s  made w i t h o u t  t h e  o p t i m i z a t i o n  s u b r o u t i n e s  b u t  u s i n g  t h e  
optimum p a r a m e t e r  v a l u e s  d e t e r m i n e d  p r e v i o u s l y .  T h i s  f i n a l  
r u n  w i l l  g e n e r a t e  t h e  data  for t h e  p r o c e s s i n g  t h a t  w i l l  f o l l o w  
a f t e r  t h e  c o m p l e t i o n  of t h e  t a r g e t i n g  r u n .  
i s  comple t ed  b y  o u t p u t i n g  t h e  t o t a l  w e i g h t  p l a c e d  i n  o r b i t ,  
t h e  w e i g h t  o f  t h e  S-IVB s t a g e  and I U ,  and  t h e  l a u n c h  v e h i c l e  
p a y l o a d  w e i g h t  above t h e  I U .  

The t a r g e t i n g  r u n  

The program o u t p u t  a t  t h e  end  of t h e  t a r g e t i n g  r u n  
p r o d u c e d  b y  t h e  SIMTGT and TRJSEL s u b r o u t i n e s  i s  shown i n  
F i g .  1 f o r  an  example r u n .  From t h i s  i n f o r m a t i o n  t h e  d i s -  
c r e t i o n a r y  p a y l o a d  we igh t  i s  a l m o s t  i m m e d i a t e l y  a v a i l a b l e .  
By s p e c i f y i n g  a d e o r b i t e d  CSM w e i g h t ,  t h e  d e o r b i t  p r o p e l l a n t  
and CSM w e i g h t  p r i o r  to t h e  d e o r b i t  b u r n  a re  i m m e d i a t e l y  
a v a i l a b l e .  By s u b t r a c t i n g  t h e  l a t t e r  number f rom t h e  l a u n c h  
v e h i c l e  p a y l o a d  i n  o r b i t ,  t h e  a v a i l a b l e  p a y l o a d  t h a t  c a n  b e  
c a r r i e d  to o r b i t  and l e f t  o r  d i s c a r d e d  i n  o r b i t  i s  o b t a i n e d .  
C o n v e r s e l y ,  t h e  w e i g h t  of e x p e r i m e n t a l  equipment  and  da t a  t h a t  
can  b e  r e t u r n e d  i n  t h e  command module w i t h  t h e  crew c a n  be  
e a s i l y  d e t e r m i n e d .  

ETHORB, SVTB 

Very minor  m o d i f i c a t i o n s  were made i n  t h e s e  sub-  
r o u t i n e s .  S u b r o u t i n e  ETHORR p e r f o r m s  t h e  same f u n c t i o n  as 
i n  a nomina l  LOR m i s s i o n .  
d u r i n g  t h e  S-IC and S - I1  powered f l i g h t  p h a s e s  to d e t e r m i n e  
t h e  combina t ion  o f  t h o s e  p a r a m e t e r s  d e l i v e r i n g  t h e  maximum 
v e h i c l e  we igh t  a t  t h e  c i r c u l a r  p a r k i n g  o r b i t  c o n d i t i o n  and  
i n t o  t h e  t r a n s f e r  o r b i t .  
e x t e n d  t h e  r a n g e  o f  t h e  p r o p u l s i v e  v e n t  t a b l e  and to add 
d a t a  f o r  t h e  n o n - p r o p u l s i v e  v e n t  o p t i o n .  

SYNORB, PUNTl 

ETHORB v a r i e s  t h e  p i t c h  p a r a m e t e r s  

S u b r o u t i n e  SVTB was m o d i f i e d  t o  

S u b r o u t i n e  SYNORB i s  based  l a r g e l y  on ETHORB and i s  
u s e d  a t  t h e  f i n a l  c i r c u l a r i z a t i o n  b u r n .  S u b r o u t i n e  SYNORB 
p r o v i d e s  t h e  l o g i c  f o r  v a r y i n g  t h e  p i t c h  a n g l e  and  i g n i t i o n  
t i m e  i n  t h e  o p t i m i z a t i o n  p r o c e d u r e  d i s c u s s e d  above u n d e r  sub-  
r o u t i n e  SIMTGT. S u b r o u t i n e  PUNTl  i s  c a l l e d  by SYNORB to 
o p t i m i z e  t h e  v e h i c l e  we igh t  a t  c u t o f f '  by v a r y i n g  t h e  p i t c h  
a n g l e .  S u b r o u t i n e  PUNTl i s  based l a r g e l y  on s u b r o u t i n e  HUNT1 
o f  t h e  BCMASP. 

C .  I n p u t  and Output  

I n p u t  

The r e q u i r e d  i n p u t  da ta  c o n s i s t s  o f  l a u n c h  v e h i c l e  
da ta ,  t a r g e t i n g  v a r i a b l e s ,  and t r a j e c t o r y  p a r a m e t e r s .  



BELLCOMM, INC. - 5 -  

Many o f  t h e  l a u n c h  v e h i c l e  i t e m s  r e q u i r e d  as i n p u t  
f o r  t h e  RCMASP when u s e d  f o r  a n  LOR s i m u l a t i o n  a r e  a l s o  r e a u i r e d  
w i t h  t h i s  m o d i f i c a t i o n .  These  i n c l u d e  t h e  f o l l o w i n g :  

T h r u s t  l e v e l s  and  w e i g h t  r a t e s  f o r  e a c h  s t a g e  a n d  
m i x t u r e  r a t i o  u s e d .  
A v a i l a b l e  p r o p e l l a n t s  f o r  t h e  S-IC and S - I1  s t a g e s .  
Weight o f  t h e  S-IC/S-I1 i n t e r s t a g e .  
W e i i h t  o f  t h e  Launch E s c a p e  Sys t em.  
V a r i o u s  t i m e s  s u c h  as  t i m e  o f  S-IC k i c k ,  c o a s t  
t i m e  be tween  S-IC shutdown and  S - I 1  i g n i t i o n ,  t i m e  
o f  S - I 1  m i x t u r e  r a t i o  c h a n g e s ,  e t c .  

A s  u s e d  for a n  LOR m i s s i o n ,  t h e  t o t a l  s p a c e  v e h i c l e  w e i g h t  a t  
S-IC l i f t o f f  (WGT l), S-I1  i g n i t i o n  (WGT 2 A ) ,  and  S-IVB f i r s t  
i g n i t i o n  (WGT 3 )  a re  r e q u i r e d .  A s  u s e d  w i t h  t h i s  m o d i f i c a t i o n ,  
t h e  BCMASP r e q u i r e s  t h r e e  o t h e r  i n p u t  w e i q h t s ,  (WLV 1, WLV 2 A ,  
WLV 3 )  i n  l i e u  o f  WGT 1, WGT 2A, and  WGT 3.  These  are  w e i g h t s  
of  t h e  l a u n c h  v e h i c l e  o n l y  a t  S-IC l i f t o f f ,  S - I1  i g n i t i o n ,  and  
S-IVB f i r s t  i g n i t i o n .  With an i n i t i a l  estimate o f  t h e  p a y l o a d ,  
PLEST, s u b r o u t i n e  TRJSEL computes  WGT 1, WGT 2 A ,  and WGT 3 as 
p a r t  o f  i t s  i n i t i a l  c o m p u t a t i o n s .  A f t e r  t h e  i n p u t  q u a n t i t i e s  
WLV 1, WLV 2A, WL’J 3 ,  and  PLEST have  been  chosen  f o r  a n  i n i t i a l  
t r a j e c t o r y  s i m u l a t i o n ,  s u b s e q u e n t  s i m u l a t i o n s  f o r  d i f f e r e n t  
m i s s i o n s  may b e  r u n  b y  c h a n g i n g  o n l y  t h e  p a y l o a d  e s t ima te ,  PLEST, 
r a t h e r  t h a n  a l l  o f  t h e s e  i n p u t  w e i g h t  v a l u e s .  

The i n p u t  d a t a  f o r  t h e  t a r g e t i n g  v a r i a b l e s  c o n s i s t  o f  
t h e  s p e c i f i c a t i o n  o f  program o p t i o n s  , t o l e r a n c e s  on t h e  v a r i a b l e s  
u s e d  i n  t h e  o p t i m i z a t i o n  r o u t i n e s ,  and  t h e  conve rgence  f a c t o r  u s e d  
i n  s u b r o u t i n e  TRJSEL. 

The i n p u t  d a t a  f o r  t h e  t r a j e c t o r y  p a r a m e t e r s  i n c l u d e  
t h e  f o l l o w i n g :  

- I n i t i a l  es t imates  o f  t h e  q u a n t i t i e s  t o  be  v a r i e d  i n  
t h e  o p t i m i z a t i o n  s u b r o u t i n e s  (S-IC k i c k  a n g l e ,  e t c . )  

- The t r a n s f e r  o r b i t  p e r i g e e  a l t i t u d e  i n  n a u t i c a l  m i l e s .  
- The d e s i r e d  c i r c u l a r  o r b i t  a l t i t u d e  i n  n a u t i c a l  m i l e s .  
- The d e o r b i t  e l l i p s e  p e r i g e e  a l t i t u d e  i n  f e e t .  
- Launch a z i m u t h .  
- O t h e r  s p e c i f i e d  v a l u e s  ( e . g . ,  f l i g h t  p a t h  a n g l e  a t  

c i r c u l a r i z a t i o n  bu rn  c u t o f f ) .  

The m o d i f i c a t i o n s  to t h e  program p r o v i d e  f o r  a c c e p t i n g  
t h e  a l t i t u d e  v a r i a b l e s  m e n t i o n e d  above  i n  t h e  most e a s i l y  s p e c i f i e d  
manner  and  c o n v e r t i n g  them t o  c o r r e s p o n d i n g  r a d i i  , measured  i n  f e e t  , 
f o r  u s a g e  by t h e  main program.  

o u t  p u t  

The program o u t p u t  for t h e  t a r g e t i n g  r u n  c o n s i s t s  m a i n l y  
o f  p r i n t o u t  i n d i c a t i n g  t h e  p r o g r e s s  of  t h e  o p t i m i z a t i o n  s u b r o u t i n e s ,  
a n d  t h e  p r i n t o u t  shown i n  F i g u r e  1 and d i s c u s s e d  e a r l i e r .  I n  
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a d d i t i o n ,  p r o j e c t e d  p e r i g e e  a l t i t u d e s  are  p r i n t e d  o u t  at, 
s e v e r a l  t imes d u r i n g  t h e  c i r c u l a r i z a t i o n  b u r n  , assuming 
i n s t a n t a n e o u s  t h r u s t  t e r m i n a t i o n .  T h i s  i s  h e l p f u l  i n  e s t i -  
m a t i n g  f l i g h t  p r o p e l l a n t  r e s e r v e  r e q u i r e m e n t s  , p a r t i c u l a r l y  
f o r  h i g h  a l t i t u d e  m i s s i o n s  where an  o r b i t  a c h i e v e d  due to an  
e a r l y  t h r u s t  t e r m i n a t i o n  may be a c c e p t a b l e ,  t h o u g h  s l i g h t l y  
d i f f e r e n t  f rom t h e  i n t e n d e d  o r b i t .  

The program o u t p u t  f o r m a t  for t h e  p r o c e s s  r u n  h a s  
n o t  been  changed  f rom t h e  s t a n d a r d  BCMASP f o r m a t  f o r  an LOR 
m i s s i o n .  An example o f  one page o f  t h e  p r o c e s s  mode o u t p u t  
i s  shown i n  F i g u r e  2 .  

111. FURTHER EXTENSION2 OF THE BCMASP 

The BCPIASP as m o d i f i e d  and d i s c u s s e d  i n  t h i s  memo- 
randum i s  i n t e n d e d  p r i m a r i l y  t o  s e r v e  two p u r p o s e s :  t o  de- 
t e r m i n e  t h e  maximum p a y l o a d  c a p a b i l i t y  o f  t h e  S a t u r n  V l a u n c h  
v e h i c l e  i n t o  a p r e s c r i b e d  c i r c u l a r  e a r t h  o r b i t ,  u s i n g  a Hohmann 
t r a n s f e r  as p a r t  o f  t h e  a s c e n t  t r a j e c t o r y ;  and  to g e n e r a t e  a 
r e f e r e n c e  t r a j e c t o r y  f o r  a m i s s i o n  w i t h  a s p e c i f i e d  p a y l o a d  
and  o r b i t a l  a l t i t u d e  w i t h  t h i s  a s c e n t  scheme.  Some a d d i t i o n a l  
e x t e n s i o n s  o f  t h i s  program m o d i f i c a t i o n  i n c l u d e  u s i n g  t h e  Up- 
r a t e d  S a t u r n  I l a u n c h  v e h i c l e  i n  p l a c e  o f  t h e  S a t u r n  V,  i n -  
c o r p o r a t i n g  a t h r e e - b u r n  c a p a b i l i t y  f o r  t h e  S-IVB s t a g e  by 
a d d i n g  a low e a r t h  o r b i t  c o a s t  p e r i o d  p r i o r  t o  t r a n s f e r  o r b i t  
i n j e c t i o n ,  ar,d t h e  a d d i t i o n  o f  p l a n e  change c a p a b i l i t y  d u r i n g  
t h e  S-IVE b u r n s  to a c h i e v e  o r b i t a l  i n c l i n a t i o n s  o t h e r  t h a n  t h o s e  
a t t a i n a b l e  by v a r y i n g  t h e  l aunch  a z i m u t h .  It  does  n o t  a p p e a r  
t h a t  any o f  t h e s e  m o d i f i c a t i o n s  would be  d i f f i c u l t  t o  imp lemen t .  
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